In order to establish the methodology of a population strategy for improving cardiovascular risk factors, we have planned the High-risk and Population Strategy for Occupational Health Promotion Study (HIPOP-OHP study). This study is a nonrandomized control trial in approximately 6500 participants in six intervention and six control companies. Our population strategy is based on three factors, nutrition, physical activity, and smoking. For each factor, a researcher's working team was organized and has been supporting the intervention. A standardized method to obtain comparable data has also been established. In the baseline survey, urinary sodium excretion in male subjects was higher, and urinary potassium excretion was lower in both genders in the intervention group compared to the control group. The prevalence of hypertension for both genders was also higher in the intervention group. Male subjects in the intervention group had higher serum total cholesterol than controls, while high-density lipoprotein cholesterol was lower in both genders in the intervention group compared to the control group. These differences were reflected by our finding that the predicted relative risk of coronary heart disease for male subjects was significantly higher in the intervention group (relative risk, RR: 1.17; 95% confidence interval, 95% CI.: 1.09, 1.25) and significantly lower in the control group (RR: 0.93; 95% CI.: 0.89, 0.98) compared to a model Japanese population. Similar results were observed in the female subjects. Taken together, these findings indicate that it is possible to compare trends of predicted relative risk for coronary heart disease between two groups. Keywords: population strategy; high-risk strategy; blood pressure; cholesterol; smoking; intervention
In order to establish the methodology of a population strategy for improving cardiovascular risk factors, we have planned the High-risk and Population Strategy for Occupational Health Promotion Study (HIPOP-OHP study). This study is a nonrandomized control trial in approximately 6500 participants in six intervention and six control companies. Our population strategy is based on three factors, nutrition, physical activity, and smoking. For each factor, a researcher's working team was organized and has been supporting the intervention. A standardized method to obtain comparable data has also been established. In the baseline survey, urinary sodium excretion in male subjects was higher, and urinary potassium excretion was lower in both genders in the intervention group compared to the control group. The prevalence of hypertension for both genders was also higher in the intervention group. Male subjects in the intervention group had higher serum total cholesterol than controls, while high-density lipoprotein cholesterol was lower in both genders in the intervention group compared to the control group. These differences were reflected by our finding that the predicted relative risk of coronary heart disease for male subjects was significantly higher in the intervention group (relative risk, RR: 1.17; 95% confidence interval, 95% CI.: 1.09,
Introduction
Lifestyle modification is an important method for controlling cardiovascular disease risk factors. Many studies have shown that intervention programs combined with health education result in clear improvement in these risk factors. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] However, the majority of these studies incorporated high-risk strategies such as comprehensive intervention following risk factor screening of the study population. While high-risk strategy can be readily understood and strongly motivates subjects to change their behavior, it may not have a marked influence on subjects with low latent risk. As a result, these strategies may not significantly reduce overall cardiovascular risk in the population. In order to effectively reduce a specific disease in a population, it is useful to shift the distribution of its risk factors towards the low-risk side, even if this shift is minimal. 11, 12 For example, Stamler et al 13 found that a mean reduction in systolic blood pressure (SBP) of 2.2 mmHg in middle-aged subjects was associated with a 4% reduction in the risk of coronary death and a 6% lower risk of stroke death. These findings demonstrate that population-based strategy, involving intervention in a large number of low-risk subjects, is effective for reducing risk in the whole population. [14] [15] [16] The majority of trials that have attempted to improve cardiovascular risk factors by population strategy in communities [17] [18] [19] [20] [21] [22] [23] or in worksites 24 have been carried out in Western populations. Accordingly, in 1998 we initiated the High-risk and Population Strategy for Occupational Health Promotion study (HIPOP-OHP study 25 ) that incorporated a program for improving cardiovascular risk factors at workplaces. In this report, the study design of this intervention study is described, and the baseline data of the intervention and control groups are compared using predicted risk assessment analyses.
Materials and methods

Study population
Companies participating in our study were recruited from throughout Japan. The companies were divided into an intervention group, in which the environment was improved based on a population strategy in addition to individual intervention, and a control group that was provided with only the individual intervention teaching material. Initially we planned to allocate the companies randomly to the intervention or control groups. However, as some companies were forced to withdraw from the study either because of bankruptcy, or opposition from board members regarding participation in the study, we eventually modified the first allocation based on the hope that each company would comply with the aims and conditions of the study.
There were six companies in each group. The intervention group consisted of Companies A-F with Company A, the headquarters office of a life insurance company in Tokyo; Company D, factory of chemical products and other companies, electrical appliance manufacturers. Company C was located in the Kanto area in east Japan, while the other four companies were located in west Japan either in the Kinki (Companies D, E, and F) or Hokuriku areas (Company B). The control group consisted of Companies H-L. Company H was a chemical company factory in Tokyo, while four companies were factories of electrical appliance manufacturers, with Companies G and K being located in the Kanto area and Companies I and J in the Hokuriku area. Company L was a research laboratory of an electrical appliance manufacturer in the Kinki area in West Japan. Initially we had planned to recruit for the study from invited companies with less than 1000 workers. However, since Companies A, C, G, and H had more than 1000 workers, the number of workers selected for evaluation in these companies was reduced to about 500-1000, either by random sampling (Companies A and H) or by limiting the sections involved (Companies C and G). Of the 7226 workers who underwent a baseline survey in 1999 or 2000, those aged 56 years or older were excluded as they would have reached the retirement age of 60 years old before the end of the intervention study. The final number of participants included in this study was 6589 with all participants scheduled to have annual blood pressure measurements and approximately half of the study group, mainly aged 40 years or older, scheduled to have a blood sample collected each year.
The original sample size estimate of 1500 in each group provided the study with 80% power to detect a 1.5 mmHg decrease in SBP or a 1.0 mmHg decrease in diastolic blood pressure (DBP) in the intervention group compared with the control group. This power analysis was calculated using a two-sided test with the probability level (a) being set at 0.05 and s.d. of 15.0 and 10.0 for SBP and DBP, respectively. This magnitude of blood pressure reduction was comparable to about half of that observed in an earlier 6-month intervention trial in Japanese subjects with mild to moderate hypertension. 26 This number of participants in our study was considered to be sufficient to also detect differences between the two groups for both total cholesterol reduction and the prevalence of smoking.
Intervention methods
The intervention plan for this study is shown in Table 1 . For the high-risk strategy, individual guidance is given for 6 months to subjects with either high-normal or greater blood pressure levels, hypercholesterolemia, or impaired glucose tolerance. This guidance is given by nurses or public health nurses hired by each enterprise, with the research group supporting the nurses by providing expert knowledge. The population strategy for health promotion consisted of three factors, nutrition, physical activity, and smoking. For each of these factors, a working team of researchers was organized with the researchers in charge of each company making contact with the three specialist groups in order to plan the necessary interventions. After health assessment of each population, information on the diseases and skills for lifestyle modification were provided. Posters and stand-type Point of Purchase advertising menus (POP menus) were placed on the tables of the workplace dining rooms. In addition, intraworkplace web-sites were utilized, with events with health-related themes being organized. With regard to nutrition, the contents of dishes in the workplace dining rooms and box lunches delivered by caterers were evaluated, followed by recommendations for improving the amount of sodium and potassium intake, nutritional balance, and caloric intake from fat. For physical activity, walking paths were constructed or walking maps prepared. An 'Active Point Campaign' using pedometers is to be carried out twice a year in order to promote individual and departmental competition and increase physical activity in the workers. In order to promote smoking cessation, designated smoking areas have been established based on the advice of the specialist team. These interventions are to be performed in 6 monthly cycles.
Informed consent was obtained from the participants regarding individual guidance for the highrisk strategy. The Safety Hygiene Committee in each company examined the plan and ethical problems in the population strategy every month. Approval for this study was obtained from the Institutional Review Board of Shiga University of Medical Science for Ethical Issues (Nos. 10-16).
Data collection and standardization
Biological data are collected at the time of annual health check-ups in accordance with the 'Law for workers' safety and health'. The parameters include blood pressure, and the serum levels of total and HDL cholesterol and plasma level of glucose, all of which are measured at the regular health check-ups. A spot urine sample for every participant was also collected for the determination of daily sodium and potassium excretion. 27 Evaluation of drinking, smoking, diet, stress, and physical activity was carried out by a standardised questionnaire produced by the researchers. Self-reported lost work days due to disease within the last year were also recorded for each participant.
In addition, 2% of the workers were selected randomly for a nutritional survey performed using the 24-h recall method, as described in the INTER-MAP, an international collaborative study. 28 In total, 10% of the workers were also selected to carry pedometers (J-MANPO EM-700, Yamasa), in order to count the number of steps during a 1-week period.
Blood pressure was measured in duplicate after the subjects had rested for 5-min using the same newly calibrated automatic sphygmomanometer at each company (Nippon Colin, BP-103iII) with the mean value being used in the analyses. Company L did not use this type of sphygmomanometer. For the measurement of lipids, general laboratories to which blood examination was entrusted by each company were standardized through the US Cholesterol Reference Method Laboratory Network (CRMLN). 29 
Risk assessment and statistical analysis
For comparison of risk factors between the two groups, age was compared by the t-test, while the mean values of the other factors, adjusted for age, were compared using analysis of covariance.
The risk of coronary heart disease based on baseline data was used as the risk assessment parameter. Although the Framingham scale is used often for assessing coronary heart disease risk, there are controversies as to whether it is applicable for use in non-Western populations. 30 The study by Kitamura et al 31 remains the only prospective study on the development of coronary heart disease in a Japanese worksite population. This study followed 6408 workers in Osaka for a period of 7.7 years.
The relative risk for each cardiovascular risk factor was determined using a Cox proportional hazard model, and the value of b (beta) for each risk factor was calculated. The value of b for the development of coronary heart disease was then applied to each individual in the study. This calculation incorporated SBP, total and HDL cholesterol, and the number of cigarettes smoked per day, as these factors have been shown by Kitamura et al 31 to be associated significantly with the development of coronary heart disease. 32 The National Survey on Circulatory Disorders 2000, Summary June 2001. 33 was used to obtain the following mean values for each gender in the age group 30-59 years that were used to construct a model for calculating individual relative risk. Male subjects: SBP 127 mmHg, total cholesterol 199 mg/dl, HDL cholesterol 53 mg/dl; Female subjects: SBP 119 mmHg, total cholesterol 188 mg/dl, HDL cholesterol 63 mg/dl. The number of cigarettes in the model group was assumed to be zero. The relative risk of coronary heart disease in individuals (Rm for male and Rf for female subjects) was calculated from the SBP (SBPi), total cholesterol (TCi), HDL cholesterol (HDLi), and the number of cigarettes smoked (SMi) using the following equations.
Male subjects : Rm ¼expð0:017ðSBPi À 127Þ þ 0:019ðTCi À 199Þ À 0:058ðHDLi À 53Þ þ 0:02ÂSmiÞ
Female subjects : Rf ¼expð0:017ðSBPi À 119Þ þ 0:019ðTCi À 188Þ À 0:058ðHDLi À 63Þ þ 0:02ÂSmiÞ
Rm and Rf were then transformed logarithmically and the mean values calculated. A t-test was used to compare one sample with the case with the constant assumed to be 0, that is, the relative risk is the same as that in the model group ( ¼ 1.00). The logtransformed mean values of Rm and Rf in the two Study design of population strategy in worksites T Okamura et al groups were also compared. The blood glucose level was not included in this model as it had not been included in the study in which the values of b had been calculated. In addition, the extra number of coronary events predicted to occur in the next 20 years compared to the model group was calculated, as this was approximately equal to the mean period before retirement in the study population. We assumed that the coronary event rate in the model group was 0.94 per 1000 person-years. 31 In this study, as 10 of the 12 workplaces were factories, we calculated the predicted relative risks by using the data of all 12 companies and also the data of 10 companies with companies A (intervention group) and L (control group) being excluded from this latter analysis.
All probability values were two-tailed and all confidence intervals were estimated at the 95% level. The statistical Package for Social Sciences (SPSS Japan Inc. version 10.0J, Tokyo, Japan) was used for the analyses.
Results
Analysis of the data of all the participants (N ¼ 6589) showed no significant difference in age-adjusted SBP between the intervention and control groups in both genders (118. 8 vs 118.4 mmHg for male and 109.0 mmHg vs 107.9 mmHg for female subjects, respectively). There was also no difference in ageadjusted DBP between the two groups (72.4 vs 72.5 mmHg for male and 65.0 vs 65.3 mmHg for female subjects, respectively). Table 2 compares the risk characteristics between the two groups in 3810 male and 794 female subjects from whom blood samples were obtained. No difference was observed between the two groups for both genders for BMI, SBP, DBP, or the prevalence of subjects taking antihypertensive agents. In the male subjects, the intervention group had higher total cholesterol and urinary sodium excretion, lower HDL cholesterol level and potassium excretion, and a higher prevalence of subjects with either hypertension, hypercholesterolemia, low serum HDL cholesterol, or impaired glucose tolerance, compared with the control group. In the female subjects, the intervention group had lower HDL cholesterol levels and potassium excretion and a higher prevalence of subjects with either hypertension, low serum HDL cholesterol, or impaired glucose tolerance than the control group. Table 3 summarizes the status of drinking, smoking, and lost workdays due to disease within the last year in subjects without missing values in the questionnaire. This table also shows the mean number of steps per day and results of the nutritional survey in the randomly selected subjects. The prevalence of subjects who drank daily was lower in the intervention group in both genders, while no difference was observed in the other risk characteristics between the two groups.
A comparison of risk factors at the baseline survey, predicted relative risks, and extra numbers of coronary events are listed in Table 4 . Subjects Hypertension was defined as SBPX140 mmHg, DBPX90 mmHg, use of antihypertensive agents, or any combination of these. Low serum high-density lipoprotein (HDL) cholesterol was defined as an HDL cholesterol level o1.03 mmol/l (40 mg/dl). High-normal or greater blood pressure level, hypercholesteroleamia and impaired glucose tolerance are defined as in Table 1 .
Study design of population strategy in worksites T Okamura et al were included in these analyses only if they had complete data for SBP, total and HDL cholesterol, and number of cigarettes per day. No difference was observed in SBP or the number of cigarettes smoked per day between the two groups. However, the total cholesterol level was higher, and the HDL cholesterol level lower in the intervention group compared to the control group for both genders. In the male subjects, the predicted relative risk for coronary heart disease was significantly higher in the intervention group (relative risk 1.17, 95% confidence interval 1.09-1.25) and significantly lower in the control group (relative risk 0.93, 95% confidence interval 0.89-0.98) than in the model Japanese population. This finding suggested that the intervention group was a high-risk group compared with the control group. The predicted extra number of coronary events in the next 20 years compared to the model population was 3.6 in the intervention group and À2.9 in the control group. In the female subjects, the relative risk for coronary heart disease was significantly lower in the control group (relative risk 0.77, 95% confidence interval 0.70-0.85) than in the model group. The predicted extra number of coronary events in the next 20 years compared to the model population was 0.2 in the intervention group and À1.7 in the control group.
In the male subjects, a small decrease equivalent to one tenth of the s.d. in SBP and total cholesterol, a reduction in the number of cigarettes smoked per day, and a small increase in HDL cholesterol were predicted to effectively reduce the relative risk for coronary heart disease. For example, when all four risk factors were assumed to have improved by one tenth of a s.d. in the intervention group, the predicted relative risk decreased to 0.94, a value similar to that found in the control group (0.93). In the female subjects, when all four risk factors were assumed to be improved by one tenth of a s.d., the predicted relative risk decreased to 0.86, although it was still higher than that in the control group (0.77).
These results did not change substantially when company L was excluded from the analyses, for the reason that it had used a different automatic sphygmomanometer for blood pressure measurements. There was also no change when the two nonfactory populations, companies A and L, were excluded from the analyses.
Discussion
There is no doubt regarding the importance of population strategy for controlling lifestyle-related diseases. 11, 12 In Japan, preventive strategies for Crude mean, the age-adjusted mean could not be calculated because of the small number of the subjects.
Study design of population strategy in worksites T Okamura et al Table 4 Predicted relative risk for coronary heart disease according to increase or decrease of each mean value of coronary risk factors in the intervention and control groups compared to Japanese model population lifestyle-related diseases started with the early detection of patients with gastric cancer 34 or severe hypertension, 35 with the detection of high-risk individuals playing a major role in these strategies. Some areas have attempted to control hypertension by cooperation between researchers, local municipalities, and residents and have achieved excellent results. 23, 36 However, several have not been as successful with promotions of population strategy remaining unpopular in Japan.
There have been a number of community trials in Western populations. Several of these studies have shown the difficulty of inducing individuals to change their behavior by providing only information about health promotion. 19, 20, 24 For example, in the British population of European collaborative trial of multifactorial prevention of coronary heart disease, which included both high-risk and population strategies, Rose et al 37 reported a disappointing low response to mass advice using posters, evening meetings, film shows, and question-and-answer sessions. The specific features of population strategy that are optimal but difficult to put into practice 38 have been described in earlier studies. To solve these problems, the North Karelia Project attempted to change the form of the agriculture and livestock industry by improving the marketing system of the food supply in addition to presenting information on these changes. 21, 22 In the present study, the main method of intervention was to attempt to induce individuals to change their behavior by wide circulation of information. We also attempted to make specific environmental changes such as decreasing sodium content in food and constructing pathways for walking. The effect of our intervention study will be influenced strongly by the personal response to the information presented. Therefore, it remains important in the present study that effective methods are developed for presenting information to induce individuals to change their behavior.
In intervention studies using individuals, differences are homogenized by randomization and an adequate sample size. However, if workers in the same population are divided randomly, although homogenous groups are obtained, the effects of the population strategy are not limited to the participants in whom intervention is attempted. For this reason, we planned to construct paired intervention and control groups and then allocate them randomly. However, we were not able to implement the plan for nonscientific reasons and therefore the predicted risk for coronary heart disease differed between the two groups due to the nonrandomized design of the study.
Not withstanding this limitation, we are planning to use the trend of predicted coronary risk observed in this study as a marker for assessing the effect of the interventions. This is a useful method for assessing the effect of short interventions that target multiple cardiovascular risk factors and do not use cardiovascular incidence and/or mortality as end points. In male subjects, the difference in predicted coronary risk between the two groups was negated by the combined effects of small changes (0.1 s.d.) in each risk factor. This feature will enable us to compare real changes in predicted coronary risk, even when there are differences in baseline risk between the two groups.
The intervention group in our study had higher mean urinary sodium excretion in male subjects and lower mean potassium excretion, and a higher prevalence of hypertension and a higher prevalence of impaired glucose tolerance compared with controls despite the mean levels of SBP and DBP being similar in the two groups. Consequently, we suspect that the difference in predicted risk between the two groups may be greater than that shown in Table 4 , as the formula we used included only a limited number of risk factors. Our results do not reflect the difference in prevalence of hypertension and impaired glucose tolerance. Furthermore, the differences in urinary electrolytes excretion may be expected to be associated with increased blood pressure in the future. 39 Therefore, health promotion is required in the intervention group to reduce sodium intake and increase potassium intake despite these already being part of the population strategy.
In the present study, the risk of coronary heart disease was used as a parameter of risk assessment. Another major category of cardiovascular disease is stroke. The East Again Population study that included Japan showed that development of stroke was affected more by hypertension than by other risk factors. 40 Since the present study aimed to reduce cardiovascular risk by multiple risk factor intervention, the assessment of risk factors other than hypertension is also required. In addition, there have been no prospective studies on the incidence of stroke in the Japanese worksite population that have determined the relative risk of each risk factor. Furthermore, a cohort study of workers in Osaka 31 with a similar age range to that in our study showed the incidence of coronary heart disease was higher than stroke. Therefore, we consider it appropriate to use coronary artery disease risk as a parameter for assessing risk of cardiovascular disease.
There are some limitations in the present study. The first of these was establishing the required sample size. Unfortunately, as we did not have any data regarding the effect of population strategies in Japan, we had to set sample size based on the results of a 6-month intervention trial in Japanese subjects with mild to moderate hypertension. 26 Although we assumed that the decrease in blood pressure decrease would be about half that seen in this earlier study in high-risk participants, the effect of the intervention may be smaller than expected. We were, however, successful in collecting about twice the sample size (46000) of that estimated during planning of the study (3000). This has provided the study with stronger statistical power to detect small but important changes in risk factors.
Another limitation of this study was that Cox's regression equation for the development of coronary artery disease in male subjects was also applied to the data obtained from female subjects. This equation was used as there have been no prospective studies in female workers in Japan that have used the development of coronary heart disease as an end point.
Finally, there may be a kind of Hawthorne effect, 41 which results in 'groups that are willing to participate tending to have better results'. However, participation in this study was decided mainly by board members or the Safety Hygiene Committee in each company at the time of first recruitment irrespective of each employee's will or hope.
Informed consent was obtained after the decision to participate in the study had been made and therefore we consider that the Hawthorne effect in the present study will be relatively minor. This study involved many researchers cooperating with the staff in each company with the aim of improving cardiovascular risk factors based on highrisk and population strategy. Furthermore, because we can distinguish participants who are receiving individual counselling base on a high-risk strategy, we are able to clarify the benefits of a combined high-risk and population approach in individuals receiving both interventions, compared to those receiving the population strategy only. It will be interesting to learn whether or not the combined strategy was more effective than the population strategy alone.
Owing to the recent long recession in the Japanese economy, there has been a very tight budget for health promotion in workers. Lay-off of workers has involved even health medical workers who have hindered the intervention trial. However, these problems have been solved in this study, and at present the population strategy is being carried out in all the intervention companies. It is anticipated that the protocol developed in this study will contribute greatly to health promotion in Japan. 
